The objective of this paper is to investigate the presence of Okun's (1962) relationship for Algeria for the 1970-2015 period. Two methodologies are employed to estimate the Okun coefficient: An Autoregressive Distributed Lag (ARDL) linear model and a Bayesian Normal Linear Regression model. The results indicate an Okun coefficient of about -0.2 which suggests some rigidity of the labour market in Algeria.
Introduction
The Okun's law investigates the empirical relationship between the unemployment rate and growth rate of gross domestic product (GDP) in a country (or ensemble of countries).
It is very important to estimate the relationship between unemployment and growth rate in an economy, because it suggests room for policymakers to improve aggregate output and reducing unemployment. This relationship is helping to explain the changes in unemployment when GDP growth is known, also predict changes in unemployment given predictions of GDP growth [1] . This approach builds on a simple theoretical view: "increased production in an economy leads to decreases in unemployment" [2] . This paper uses Okun's law to estimate the effects of GDP growth on unemployment in Algeria (Okun coefficient) using annual data from 1970 to 2015. Two methodologies will be investigated to support the results: An Autoregressive Distributed Lag (ARDL) linear model and a Bayesian Normal Linear Regression model.
Many studies have estimated the Okun coefficient in several countries using several approaches. In Algeria, Adouka and Bouguell (2010) using Error Correction Model (ECM) with annual data during the period 1970-2010, find a negative relationship between unemployment and output in the long term, an increase in real GDP of 1% decrease the unemployment rate by 0.2% [3] .
The remainder of this paper is organized as follows: Section 2 and 3 offers a descriptive analysis of unemployment in Algeria and theoretical framework of Okun's law respectively. Section 4 and 5 provides a literature review and the methodologies used. Section 6: reports the empirical results. The last section presents a conclusion. Figure 1 shows the evolution of unemployment rate and growth rate in Algeria during the period 1970-2015:
Unemployment in Algeria
-The overall unemployment rate in Algeria has declined considerably over the last decade falling from 28.3% in 2000 to 9.4% in 2015. The first analysis indicates that this decline was due in particularly to the public investment programmes implemented in the period 30   35   1970  1972  1974  1976  1978  1980  1982  1984  1986  1988  1990  1992  1994  1996  1998  2000  2002  2004  2006  2008  2010  2012  2014 Economic theory suggests that increased production in an economy leads to decreases in unemployment [5] . This inverse relationship is known Okun's law. Okun described how percentage changes in the real growth rate affected the change in the unemployment rate in percentage points at a pre-defined period. [6] In his paper, Okun (1962) . We will present just the theoretical foundations of the difference method to use it in this paper.
The difference method relates the change in unemployment rate to real GDP growth is presented by the following equation:
is the time (often quarter of a year). This equation captures the contemporaneous correlation between growth rate and changes in the unemployment rate. The intercept  equals the change in unemployment when economic growth is zero is expected positive; a high value of  suggests greater difficulties in reducing unemployment or that stronger growth is required to prevent from more unemployment [7] . The parameter  represents Okun's coefficient, which a priori is expected to be negative, since positive GDP growth is associated with a drop-in unemployment rate. High rates of economic growth indicate the need for additional labour to be employed from the surplus of the labour market. On the other hand, recession indicates increases the unemployment rates due to losing jobs, which explains why Okun's coefficient should be negative. The ratio    represents the rate of output growth that is consistent with a stable unemployment rate or how quickly the economy would typically need to grow to maintain a given level of unemployment." [8] 
Literature Review:
After the publication of Okun's seminal paper, many studies were carried out to test Okun's law in several countries. Table 1 provides estimates of the Okun coefficient in some developed and developing countries -including Algeria for various version of Okun's Law.
The Table 1 shows that the Okun's coefficient (Beta value) is between -0.52 and 0 with an average -0.18. 
Methodology:

Autoregressive Distributed Lag (ARDL) linear model:
The Autoregressive Distributive Lag (ARDL) approach is proposed by Pesaran and Pesaran (1997) According Pesaran and Pesaran, the ARDL (p, q) model for the dependent variable (unemployment) t U and the independents variables t GDP is represented by the following equation [9] :
are the parameters which is related to the short-run dynamics of the model, c : intercept, D: denotes the first difference, is a   1  T vector of unobservable independent and identically distributed stochastic disturbances with a multivariate normal distribution, mean zero and covariance matrix
The long-run coefficients and their asymptotic standard error are then computed for the selected ARDL model. According Pessaran and Pessaran (1997), the long-run elasticity can be estimated by [10] :
Some advantages to using ARDL approach include the following:
-With the ARDL model, it is possible that different variables have different optimal lags, which is impossible with the standard cointegration test. [11] -The model ARDL could be used with limited sample data (30 observations to 80 observations) in which the set of critical values were developed originally by Narayan (2004) [12] .
-The ARDL approach yielding consistent estimates of the long-run coefficients that are asymptotically normal irrespective of whether the underlying repressors are I(1) or I(0), [13] .
-The conventional cointegration method estimates the long run relationships within a context of a system of equations; the ARDL method employs only a single reduced form equation [14] .
Bayesian linear regression model:
The theoretical background of Bayesian models is based on combine subjective prior knowledge with the information acquired from the data by using Bayes' theorem. According Schoot et al. "the key difference between Bayesian statistical inference and frequentist statistical methods concerns the nature of the unknown parameters. In the frequentist framework, a parameter of interest is assumed to be unknown but fixe, in the Bayesian view of subjective probability, all unknown parameters are treated as uncertain and therefore should be described by a probability distribution". [15] By considering a random variable t U as a function of a vector-valued variable X . This is modelled as a linear relationship:
The maximum-likelihood estimate (MLE) of  is based on the Gaussian likelihood:
Taking the log of likelihood and then taking the derivative  , the OLS estimate of  is:
Inference in the Bayesian linear model is based on the posterior distribution posterior over the weights, computed by Bayes' rule,
The marginal posterior distribution of  and 2  is given by:
Some advantages to using Bayesian analysis compared to frequentist statistical methods include the following:
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-Results more intuitive: Bayesian results are more intuitive because the Bayesian posterior inference is exact and does not rely on asymptotic arguments. The posterior distribution obtained from a Bayesian model also provides a much richer output than the traditional point; in particularly, the ability to make direct probability statements about unknown quantities and to quantify all sources of uncertainty in the model, also for null hypothesis significance testing. [16] -Effect of sample size and bias, when the sample size is small, it is often hard to attain statistical significant or meaningful results. Bayesian methods would produce a (slowly) increasing confidence regarding the coefficients. -Elimination of inadmissible parameters: with maximum likelihood estimation, it often happens that parameters are estimated with implausible values, for example, negative residual variances or correlations larger than 1. [17] There are also disadvantages to using Bayesian analysis: the most often heard critique is the influence of the prior specification. Many more distributions are available for the prior distribution as an alternative for the normal distribution.
Empirical results:
The statistical analysis uses annual macroeconomic data from the national office of statistics (Algeria) for the period 1970-2015. The variables are: growth of output (Y) (measured by percentage change of real GDP); and the change of unemployment rate (U). Figure 2 shows the changes in the unemployment rate as a linear function of the growth of output for Algeria. The chart shows that, as expected, there is a negative relationship between growth rate and the change in the unemployment rate. The value of Okun's coefficient is -0.13% using linear regression model, while the change in unemployment when economic growth is zero is estimated at 0.19. The Okun's coefficient is significantly not different from zero at conventional levels of significance (5%). 
Autoregressive Distributed Lag (ARDL) linear model estimation for Okun coefficient:
Before estimating the ARDL model, an Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests are used to check the stationarity for each variable. The unit root test could help in determining whether the ARDL model should be used [18] . The results of ADF and PP are reported in table 2 with 95% critical value. The null hypothesis of unit root cannot be rejected, which indicates that the series (U and GDP) have unit root, accordingly, the two variables are no stationary on level. Contrary, at first difference the null hypothesis is rejected and therefore U and GDP are stationary at the first difference. To check the existence of a co-integration relationship among the variables, the bounds test, Pesaran et al. (2001) , was implemented, which is a two-step procedure. In the first step, a lag order is selected based on the criterion information. In the second step, F-test is used for the presence of long-run relationship. Akaike (AIC) and Schwarz (SC) criteria are used in the determination of optimum lag length of ARDL model (Table 3 ). An ARDL (2, 1) model is selected as a common consequence of both criterion. The short run coefficients of ARDL (2, 1) are presented in Table 4 . The diagnostic tests in Table 5 shows that there is no evidence of autocorrelation at lag one and two because the p-values of these tests are more than 0.05, also there is no evidence of heteroscedasticity. The test Jarque Bera proved that the error is normally distributed. To check the existence of a co-integration relationship among the variables, the bounds test of Pesaran et al. (2001) is implemented. The results of ARDL bound are presented in Table 6 . The results show that the calculated F-statistics for model is less than the lower bound at the 5% significance level. Thus, the null hypothesis of no co-integration cannot be rejected. There is no evidence of a long-run relationship between the two variables U and GDP; and therefore, the restricted model become: (table 7) . The Okun coefficient ) ( is negative and significant which means that 1 percent increase in GDP growth will decrease unemployment rate by 0.19 percent.
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To check the estimated ARDL model, some diagnostic tests are considered in table 8. The Table 8 shows that there is no evidence of autocorrelation at lag one and two, there is no evidence of heteroscedasticity, and the errors are normally distributed. Finally, when analysing the stability of the long-run coefficients together with the shortrun dynamics, the cumulative sum (CUSUM) is applied. According Bahmani-Oskooee and Wing [19] , ''if the plot of these statistic remains within the critical bound of the 5% significance level, the null hypothesis (i.e. that all coefficients in the error correction model are stable) cannot be rejected''.
The plot of the cumulative sum of the recursive residual is presented in figure 3 . As shown, the plot of both the CUSUM test confirms the stability of the long-run coefficients of the GDP function in equations (1) . Table 9 that at 5% level of significance the hypothesis that GDP does not cause U is rejected, but the hypothesis that U does not cause GDP cannot be rejected. Therefore, it appears there is a unidirectional causality between U and GDP, which run strictly from GDP to U. 
Bayesian linear estimation of Okun coefficient:
To estimate the Okun coefficient two different priors for the parameters Alpha and Beta are used as shown in the table 10. In either model the prior of variance is unknown. The models were estimated using two chains of 250000 extractions each using again the Monte-Carlo-Markov-Chains method. The parameters were monitored and statistics regarding its 95% confidence interval and mean were computed.
The results confirm that the effect of contemporaneous GDP growth on unemployment is statistically significant for the two models. This suggests that, there is contemporaneous relationship between unemployment and output in Algeria. The long-run Okun's coefficient is estimated at around -0.2%, which appear to be similar result in the ARDL model.
The Figure 4 also present detailed graphs regarding the posterior distributions. The autocorrelation dies off quickly for each of the cases and the posterior distributions of Okun coefficient resemble the normal distribution. 
Conclusion and policy recommendations
The objective of this paper is to investigate the presence of Okun's (1962) relationship in Algeria for the 1970-2015 period. Two methodologies are employed to estimate the Okun coefficient: An Autoregressive Distributed Lag (ARDL) linear model and a Bayesian Normal Linear Regression model. By combining the results of research, we can conclude that: 1) analyse of data during the period 1970-2015 shows a negative correlation between changes of unemployment and economic growth, 2) By using an autoregressive distributed lag model, I obtain an estimation for the Okun coefficient of -0.19%. This result is confirmed through the Bayesian linear regression model (-0.21%); 3) The estimated value of the Okun coefficient (-0.2%) is considerably more reduced, in an absolute sense, than the standard Okun coefficient of -0.30%; 4) this result can be interpreted as an indication of a certain degree of rigidity of the labour market in Algeria, In particular; 5) an improvement in labour market conditions in Algeria could have a significant effect in reducing unemployment both in the short and long term.
